Management of emergency care Background:
Background
Intravascular large B-cell lymphoma (IVLBCL) is a rare type of extranodal large B-cell lymphoma that is characterized by the involvement of lymphoma cells within the lumina of small blood vessels, without an obvious extravascular tumor mass [1] . The nonspecific clinical symptoms, such as malaise, neurologic disturbances, and deterioration in performance status (PS), as well as the absence of lymphadenopathy, make accurate and timely diagnosis difficult [2] . IVLBCL typically occurs in patients older than 60 years [2] . In several cases of elderly patients with IVLBCL, time had been usually insufficient for clinicians to make a definitive diagnosis, and the general status of patients declines due to disease progression. Delayed diagnosis and hesitation to start treatment can result in fatal organ failure due to the occlusion of blood vessels and cytokine storm.
The diagnosis of IVLBCL requires histologic confirmation by organ biopsies; however, no standard procedure has been established. In an Asian cohort, although the most relevant diagnostic site seemed to be the bone marrow, 1/3 of the cases had no bone marrow involvement or hemophagocytic syndrome [2] . In such patients, random skin biopsies are promising for prompt diagnosis [3, 4] ; in fact, its use has increased in a number of IVLBCL patients who were diagnosed antemortem. In patients with respiratory symptoms or radiologic findings, lung biopsy could be a useful diagnostic procedure [5] [6] [7] .
Although many studies claimed that timely diagnosis and early initiation of chemotherapy are important, the literature on the successful treatment of IVLBCL in elderly patients over the age of 80 years is scarce. In this report, we present an 82-yearold patient with poor PS and who was successfully treated for IVLBCL, which was diagnosed by random skin biopsy and transbronchial lung biopsy (TBLB).
Case Report
An 82-year-old Japanese man presented to our hospital because of altered mental status, which manifested as forgetfulness, abnormal behavior, and worsening PS for 2 days. Computed tomography (CT) and magnetic resonance imaging (MRI) of the brain indicated no abnormal results. However, blood test showed abnormal elevation of lactate dehydrogenase (LDH) at 1605 IU/L. At this time, the etiology of the symptoms and elevated LDH was unclear and we continued the follow-up observation with planned further examinations. There was transient improvement, but the symptoms recurred immediately. Eight days later, he visited our hospital again for emergency admission and detailed examination of increasing LDH level. He had been prescribed an antiandrogen agent for his prostate cancer, which was well-managed. His family and social history were unremarkable. Upon physical examination, there was no evidence of lymphadenopathy, skin lesions, or focal neurologic deficit. The lungs were clear on auscultation. The abdomen was non-tender, without a palpable mass or hepatosplenomegaly.
Laboratory data on admission were as follows: white blood cell count 5300/μL, hemoglobin 12.7 g/dL, platelets 200 000/μL, LDH 3040 IU/L, C-reactive protein 4.30 mg/dL, soluble interleukin-2 receptor 1263 U/mL, and normal Krebs von den Lungen-6 (KL-6) at 284 U/mL. An LDH isozyme test suggested a potential for hematologic malignancy. There was no abnormal finding on cerebrospinal fluid examination. A CT scan of the chest showed bilateral diffuse ground-glass opacities (GGOs) ( Figure 1A Random skin biopsy, bone marrow test, and TBLB were performed on hospitalization days 2 to 4. There was no abnormal finding on bone marrow testing. Soon after these tests and while waiting for the results, we started 1 mg/kg of prednisolone for rapidly progressive disease, which we strongly considered as IVLBCL at this point.
On hospitalization day 10, his LDH level increased to 4433 U/L despite the prednisolone treatment. At this time, the skin biopsy and TBLB specimens revealed abnormal large cells in the small vessels on hematoxylin-eosin (HE) staining (Figure 2 on days 1 to 5). Immediately after CHOP administration, his mental and physical symptoms rapidly resolved.
On hospitalization day 13, the definitive diagnosis of IVLBCL was confirmed by positive CD20 immunostaining. The TBLB specimens and subcutaneous adipose tissue samples from the abdomen revealed large CD20-positive lymphoid cells with prominent nucleoli within the lumina of the alveolar capillaries ( Figure 2 ). Thereafter, on hospitalization day 25, rituximab (375 mg/m 2 ) was additionally administered to avoid tumor lysis syndrome.
The serum LDH level decreased to within the normal range after the 1 st cycle of chemotherapy ( Figure 3) . No severe adverse effects were found, except for grade 4 leukopenia and neutropenia during the 1 st cycle. After the 2 nd cycle of chemotherapy, there was resolution of the GGOs on a repeat chest CT scan ( Figure 1B) . On hospitalization day 40, he was discharged ambulatory. He eventually underwent a total of 8 cycles of dose-reduced CHOP with rituximab (R-CHOP) every 3 weeks. We avoided intrathecal anticancer agents for prophylaxis because of his vulnerability and the possible adverse effect of dementia progression. Thus far, no disease progression has been recognized 2 years after diagnosis.
Discussion
The diagnosis of IVLBCL can be challenging because of its nonspecific presentation. In this case, aside from IVLBCL, interstitial pneumonia was considered as another differential diagnosis based on the bilateral diffuse GGOs. However, the normal value of KL-6 was not consistent with interstitial pneumonia [8] . Our primary diagnosis was IVLBCL because of the marked LDH elevation, the LDH isozyme test that showed a potential for hematologic malignancy without lymphadenopathy, and his symptoms.
Although a bone marrow biopsy is performed in almost all cases suspected to have IVLBCL, its sensitivity is relatively low. However, random skin biopsy was reported to be a useful minimally invasive procedure for the definitive diagnosis of IVLBCL [3, 5, 9, 10] ; in such cases, the specimens are usually taken from the middle adipose tissue of the extremities and the abdomen because these contain a higher percentage of atypical lymphoid cells compared with the other layers of the skin [9] . Although several reports have indicated that IVLBCL cells were detected more frequently in skin lesions such as erythema, purpura, pigmented macules, or senile hemangioma than in normal-appearing skin [10] , it is still important to perform random skin biopsy in cases without any skin lesions, such as the present case.
Although relatively rare, IVLBCL presenting as a primary lesion in the lung, as seen on autopsy findings, has been reported [11] . Therefore, in patients who have respiratory symptoms or radiologic findings that are suspicious for IVLBCL, a lung biopsy should be considered. Among the several biopsy options of transbronchial, open lung, or video-assisted thoracoscopic surgery, we chose TBLB because of the general condition of the patient. TBLB is less invasive and is performed without general anesthesia; although its sensitivity might be lower than that of the other options [6, 7] , it remains an important diagnostic option.
Although the standard therapy for IVLBCL has not been established, addition of rituximab, which is a chimeric anti-CD20 monoclonal antibody, to CHOP has been widely accepted to improve the outcome of IVLBCL, with estimated progressionfree and overall survival rates of 56% and 66%, respectively, 2 years after diagnosis [12] . These data indicated that a good prognosis could be expected if the diagnosis is confirmed antemortem and the patients receive appropriate chemotherapy. In the present case, CHOP at only half the usual dose was administered as soon as the pathologic findings of HE staining alone revealed abnormal large cells in the small vessels and before immunostaining revealed CD20 expression in the abnormal lymphoid cells; we believed that this rapid decision could have led to a good outcome in this case.
We chose half-dosage CHOP because of our primary concerns for safety and sustainability in a very old patient. Although several studies included IVLBCL patients over 80 years old [2, 3, 10, 12] , few studies have focused on the treatment or survival outcome of this subgroup. An attenuated CHOP regimen, which has almost the same dose as that of our case, was reported to be generally tolerable among diffuse large B-cell lymphoma patients over 80 years old, with 2-year overall survival of 59% [13] . We speculated that the attenuated CHOP regimen would also be tolerable and contribute to good outcomes in IVLBCL patients over 80 years old.
Because IVLBCL is a very rare disease and the amount of tumor cells that can be obtained from specimens is usually insufficient, the underlying pathogenesis has been difficult to understand. A recent xenograft mouse models study revealed that the IVLBCL cells demonstrated suppression of the gene sets associated with cell migration and survival dependency on vascular endothelial cells [14] . A combination of these mechanisms might produce the specific characteristics of IVLBCL and make the diagnosis difficult. A recent report by Suehara et al.
showed the usefulness of liquid biopsy to detect specific gene mutations in IVLBCL cells by targeted sequencing [15] . This method could be a powerful tool for earlier diagnosis of IVLBCL.
Conclusions
In summary, we showed the successful treatment of an 82-yearold man with poor PS who was diagnosed with IVLBCL by random skin biopsy and TBLB. Prompt performance of these examinations entailed cooperation among the departments of dermatology, pathology, respiratory, and hematology. Even in elderly patients over the age of 80 years and with poor PS, timely diagnosis and early initiation of chemotherapy can lead to successful management of IVLBCL. Early initiation of chemotherapy with CHOP before obtaining a definitive diagnosis by immunostaining can contribute to good outcomes, as shown in this case.
